PROCESS OF USING^OUIUM SILICATE TO CREATE FIRE RETARDANT PRODUCTS 

This application is a non-provisional application claiming the benefit of provisional 

application serial number (filed March 15, 1996, in the names of Karen M, 

Slimak and Robert A. Slimak, entitled USING SODIUM SILICATE TO CREATE FIRE 

RETARDANT PRODUCTS") and provisional application serial number (filed 

March 14, 1997 in the names of Karen M Slimak and Robert A. Slimak, entitled "Effectiveness 
of Sodium Silicate and Micro-layers of Silicon oxide glassy films in imparting fixe retardant 
properties and moisture resistance to cellulosic materials) the entire disclosures of which are being 
incorporated by reference. 

BACKGROUND OF THE INVENTION ( 

L Field of the Invention 

The purpose of this invention is to provide 1) sodium silicate (water glass) impregnated 
wood materials introducing a fire retardant property to wood products, 2) water glass impregnation 
of other materials, such as paper and cloth, in such a way as to allow their intended functions 
while reducing the risk of flammability, and 3) wood products treated with sodium silicate can be 
used simultaneously to impart flame resistant properties to wood and to cause the wood to become 
termite resistant, providing an environmentally friendly method for long term termite control. 

Liquid sodium silicate (water glass), applied to the surface of various products, can impart 
fire retardant properties. In the presence of fire, the sodium silicate will form foam-like crystals f 
that help to provide an insulating barrier bctweerfthe product and the flame, and will thus slow 
down the spread of fire. Wood and other products will become less flammable when treated with 
sodium silicate. The foam-like product produced appears to be more than a mere change in form 
of the sodium silicate. It is believed that the foam-like material is the product of a chemical 
reaction, and also imparts fire retardant properties to the material treated with sodium substrate. 



2, Pcgcriptipn of fog Rotated Ait 

Throughout history, house fires have been a major threat to the well-being of many 
families. I know what this feels like first hand. Last year, my house was ravaged by a house fire, 
and I want to prevent other families from having to go through what 1 went through. The idea for 
this invention came to me. My sister was using water glass to glue glass planes together to make 
test chambers for her science fair project. I wondered if it was possible to coat wood with water 
glass and help make the wood fire retardant As I watched her work with the water glass, I played 
around with it and coated small pieces of wood and noticed that when the pieces were applied to 
a very hot flame, the water glass bubbled over forming a natural barrier against the flame. Thus, 
it appeared to me that as the sodium silicate formed bubbles, the wood remained unaffected by 
the flame. 

A fire retardant material is one having properties that provides comparatively low 
flammability or flame spread properties (ASTM 1992). There are a number of materials that have 
been used to treat wood for fire retardancy including ammonium phosphate, ammonium sulfate, 
zinc chloride, dicyandiamide-phosphoric acid and sodium borate. Solutions of these fire-retardant 
formulations are effective when injected into the wood under pressure (Condensed Chemical 
Dictionary 1971). The sodium salts of silicon, or water glass, however, have not been identified 
as a fire retardant If my hypothesis is correct, that water glass is an effective fire retardant when 
applied as a coating, then it could be an important finding since it is virtually non-toxic, safe to 
use, relatively cheap, readily available and can be cisily used by the homeowner. 

Sodium silicate (water glass) is a member of the family of soluble sodium silicates and is 
considered the simplest form of glass. The formula varies from Na^Oj SiO, to 2Na 2 OSi0 2 
depending on the proportions of water. Hie composition used in this study was a 40 percent 
concentration. Water glass is derived by fusing sand and soda ash; it is noncombustible with 



low toxicity. Ix is used as catalysts and silica gels; soaps and detergents; adhesive?; water 
treatment; bleaching and sizing of textiles and paper pulp; ore treatment; soil solidification; 
glass foam; pigments; drilling muds; binder for foundry cores and molds; waterproofing 
mortars and cements; and impregnating wood. The latter use, however, has not been linked 
with fire mordancy (Condensed Chemical Dictionary 1971). 

The terms used with flame-resistant materials are sometimes confusing. Fire resistance and 
flame resistance are often used in the same context as the tenns fireproof or flameproof, A 
material that is flame resistant or fire resistant does not continue to bum or glow once the 
source of fire has been removed, although there is some change in the physical and chemical 
characteristic of the nxaterial. Fireproof or flameproof refer to material that is totally 
resistant to fire or flame, such as asbestos, Mo^oxganic material like wood undergo a 
glowing action after the flame has been eliminated This "afte^low* may cause as much 
damage as the flaming itself. 

The mechanisms of fire-rerardancy are complicated. The coating theory reveals that fire 
resistance is due to the formation of a layer of fusible material which melts and forms a 
Coating, thereby excluding the air necessary for the flame to propagate. This theory, first ^ : 
reported by Gay-Lussac in 1821, was the basis for the development of fusible salts such as 
carbonates, borates, and ammonium salts. The gas theory theorizes thai the fla ^ retardant 
produces noncombustible gases which dilutes the flammable gases. The thermal theory 
suggests that the flame is dissipated by an endothennic change in the retardant and the heat 
supplied from the source is conducted away from the wood so fast that combustion 
temperatures are never reached Chemical theory says that the strong acids and bases (water 
glass is a strong base) impart some degree of fire mordancy (Concise Encyclopedia of 
Chemical Technology 1985), 

My theory, and the basis for my invention is that sodium silicate can make wood and other 
products fire retardant. The sodium silicate will enter the voids in the wood, and hardfn into 
glass. The sodium silicate will separate the wood fibex* from one another, and not allow 
burning. Any flame applied to the samples will not bum or spread, because it comes in direct 
contact with the sodium silicate, The preuminazy observations I made on my own with 
sodium silicate and small pieces of wood showed that when in contact with a very hot flame* 
the sodium silicate bubbles over, forming a natural banier against the flame and the wood 
remains unaffected by the flame. 

To test my theory, I decided to treat (by dipping and soaking) dimension lumber with 
different concentrations of water glass and to burn the treated products with a propane torch 
to determine the potential for fire retardancy. 
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• Summary of the Invention 



Dimension lumber {Vx*"xlT pine and VxVxlZ" spruce), rxFzXZ* pressure traced pine 
samples and composite materials were treated with sodium silicate by dipping (a 24-hour 
exposure) and soaking (a 7-day exposure) in water glass. Paper and cloth samples were 
similarly treated. The samples were then air dried at zoom temperature for a minimum of 
seven days. To rest for fire retardancy, the wood samples were subjected to a hot flame from 
two propane torches for 20 minutes, and the paper and doth samples were subjected to a % 
candle fbme. Data on flame propagation, afterglow, ash development and weight loss, were 
collected during and after the burns. To measure variability, four replicates of each sample 
were burned along with an untreated sample (a control), and a sample treated with sodium 
borate, a known fire retardant chemical. 



Petailgdl Description of the Invention. 

Treating the Samples with Water Glass 

Dimension Lumber. Pieces of kiln-dried l*x4* pine dimension lumber, 2"*4 H spruce 
dimension lumber, and pieces of l*x4" pressure treated lumber were placed in plastic tanks 
(dimensions 2 ft x 1 ft x 8 in) filled with water glass solutions to a depth of 6". The pieces 
were placed in the tank in such a way that they were completely submerged and yet not in 
direct contact with each other. For the "Soak-Treated* lumber, the pieces remained in the 
treatment tanks for seven days after which time the pieces were removed from the tank and 
placed for seven days on a drying apparatus designed to keep the wood pieces from touching 
all but very small occasional supporting points. The borax treated sample was prepared 
similarly using a saturated aqueous solution consisting of seven (7) parts of sodium borate 
(Borax) and three (3) pans boric acid, by weight- The controls were not treated The wood 
was weighed before and after treatment with the fire retardants. The same procedures were 
used for the "Dip-Treated" wood except the wood was submerged is the solutions of fire 
retardants for only 24 hours. 

Composite Materials. Pieces of wafer board, plywood and particle board were made 
and then treated with water glass. For the wafer board and the particle board, sawdust or 
wood shavings were mixed with 100% water glass until the mixture was damp, thoroughly 
wet, and compressible- Then portions of the mixture were compressed in a form under 
pressure for approximately 24 hours* The water glass-wood composite materials were 
removed from the forms and allowed to dry for seven days. The plywood was made from 
balsa wood which was soaked for seven days in 100% water glass. Then ibe pieces were 
assembled in 5 layers with alternating grain patterns to form a fin?! plywood sample 3" x 9*x 
l/2 w . The plywood was dried under pressure using clamps for seven days to achieve the 
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desired shape and density. The borax treated samples were prepared similarly using a 
saturated aqueous solution consisting of seven {7) parts of sodium borate (Borax) and three (3) 
parts boric add, by weight. The remaining controls were not treated. The wood was 
weighed before and after treatment with the fire retardants. 

Cloth samples: Eight pieces of water glass-impregnated doth test pieces were eaeh made 
by combining 50 g water glass and water, 200 g water and laundry lint* The mixture was 
spread thinly on a screen and dried for seven days. The product was a felt-like material 4 in x 
12 in. For die control cloth test pieces were made a? described above w&hout the inclusion of 
water glass. Two additional test samples were prepared by combining laundry lint and water 
and adding a saturated aqueous solution consisting of seven GO parts sodium borate (Borax") 
and three (3) parts boric acid, by weight, in,, amounts suitable to form a finished doth 
product, and then drying. Another untreated control was also used 

Paper samples:: Eight pieces of water glass-impregnated paper test pieces were each 
nude by combining 50 g water glass and water and 200 g water and 6 sheets of. pulverized , 
paper. The mixture was spread thinly on a screen and dried for seven days. The product was a/' 
coarse paper material 4 in x U in. The untreated control was made without water glass. Two r 
additional test samples were also prepared by combining pulverized paper and water and 
adding a saturated aqueous solution consisting of seven (7) parts sodium borate (Borax") and 
three (3) parts boric add, by weight, in amounts suitable to form a finished paper product 
containing borax, and then drying. 

Termite Reaction to Water Glass Treated Samples 

Temitesz Thirry small pieces of wood, 0.5 in on a side, were treated wwh water glass as 
described above for 100% water glass with a seven day soaking period and subsequent seven 
day drying period- Other pieces of wood, of identical size, that are not water glass treated 
were used as controls* Thirty pieces of water glass treated wood cubes were placed in each of a 
1-quart glass test chamber. A second test chamber contained only untreated wood cubes. 
Worker termites and moist paper towels were added to each container to form a suitable 
terrarium environment. Termite activity was be observed for 2 months. 

Buna Testing 

Higb-Temperature ' Propane Burn Tests: Both the treated and untreated wood was 
subjected to a high-temperature flame supplied by a "BcmzOMatic" 400 gm propane fuel 
cylinder with a JT-680 tip (Model TX-9). The wood was suspended vertically, sioVby-side, 
approximately 10 inches apart from a metal rack made from copper tubing and designed to 
bum six (6) pieces of wood simultaneously. Each "burn" event consisted of burning six 
pieces of wood: four (4) treated pieces; one (1) piece treated with sodium borate, and one (!) 
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piece of uncreated wood The untreared and sodium borate treated pieces served as controls* 
During each bum event, flames from two propane torches, one in front and one in back of 
each piece of wood and each slightly offset in opposite direction from the center, were 
directed at the down-side edge of the suspended wood The burn event was divided into three 
periods; bum initiation (To), bum period (Two), which lasted 20 minutes, and post bum 
period (T »0 when observations were continued 15 minute after the torches were turned 
off. Observations such as amount of flame produced, flame spread or propagation, area of 
bum, amount of after glowing! percent of wood burned and weight after burning were 
recorded on data sheets. Each burn event was also recorded on a video camera. 

The method described here for testing the combustible properties of treated wood is a 
departure from the standard test method recommended by the American Standards and 
Testing Methods (ASTM). Standard method E 69-95 (ASTM 1995) describes a method where 
the combustible material is placed in an apparatus known as a "fire-tube assembly" and 
measurements similar to that described above are nude. The fire-tube apparatus can only 
accommodate a small piece of wood, 3/4 in x 3/S in x 40 in in length, which is much smaller, 
than the pieces In this study> and can only bum one piece of wood at a time. I wanted tp 
experiment on pieces of wood that were about the same size as wood commonly used by 
homeowners and I wanted a side-by-side comparison between treated and non-treated wood. 
The fire-cube apparatus is also not readily available. The measurements called for by this 
Standard method, however, are essentially the same as those taken during this study. 

Candle Tests: The cloth and paper samples and the sodium bome/boric add treated 
and untreated controls were each placed in a flame test chamber and tested as described above 
for the propane flame test with the exception that the flame was from a 5 in candle. The 
flame was directed at the bottom of the test Samples throughout the test period. 

In addition water glass treated samples of 2x4 dimension lumber were subjected to candle 
flame for 1.5 hours. The nature of burn patterns were in comparison to those of untreated 
controls. 
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RESULTS 

1X4 PINE - PROPANE FLAME l^STS; 

Figures 2-4 present the results of propane flame tests of sodium silicate treated 
lac4 pice samples. 




Figure 2. Weight loss of samples in flame tests 

with 1x4 dimension lumber 

There Is a large difference b ewe en the untreated control and the test samples 
With the untreated controls there ranges from about a 40-38% Wt. loss to 50% 
wt* loss, and with the treated samples, it ranges from about 15% wt. loss to a 25% 
wi, loss. As Figure 2 shows, the boric acid test samples have a much greater 
average % weight loss than the treated samples* This three dimensional set of bar 
graphs shows how great the difference is with each bar graph colorized and 
labeled. * 

Propswxe Flame Test for 1x4 pine wood sample subjected to a seven-day soak in 
100% sodium silicate: 
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Burn initiation (To); The propane flame from the nozzle contacted the 
wood in an area extending 7 cm laterally and reaching up approximately 27-5 
cm* In the first few seconds the flan:- color was Ugh; blue, and relatively difficult 
to see. In the impact area, the wood began glowing in a small circular area 
approximately 1 inch sq. Immediately after this, flame color changed from light 
blue to yellow orange, presumably cue to the presence of sodium in sodium 
silicate traveled outward and upward along a curving line from the initial contact 
point* \ 

Bum period (Tws): During this period, the fire continued to remain in the 
pattern described above, with occasional sparks. The flames did not migrate 
beyond the flame contact area; however the lower half of the flame contact area 
was charred The area at the :op ed~e of the flame flickered orange and below 
this area the flame was yellow-whi:^ In colon 

Post burn period (T^js): After the propane flame was extinguished, the 
flames died down within 5 seconds; however hot, red gloving embers were 
observed in the 1 in square area wL:re the heat and flame reached the highest 
temperature. These embers continued to jriovr and smolder for approximately 15 
minutes- After the embers hid cocL-d a hols, approximately 1 in square was 
observed at the point of most intense flame application. 

On the sides of the wood, ^hitc fc;m bubbled out from the water glass, 
traveling up the edge of the face o£ the wood. This area of white foain prevented 
the spread of flame znd char latersUy to the side of the wood- One face side of 
the sample was 83% covered with char acd soot. The other face side was 50% 
covered with char. The color of tL j char was black, with a thin layer of white 
foam on the top> There was less crocking of the char than was found on the 
control. The small sides of the wood rem lined untouched by either char or fire. 
The area above the flame reflection took place, had a thin layer of soot in which 
the underlying wood was unburziciL The foaming of the sides took place much 
greater on the left side of the woca than on the tight side. The left* side foamed 
about 90% more thau on the right side c; the wood. There was observed 0-1% of 
the small sides burned or charred curing ,he test. 

Propane Flame Test for 1x4 pine: v/ood entreated control sample, compared to 

1x4 soak, 100% sodium silicate; 
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Burn initiation (To): The propane flame from the nozzle contacted the 
wood in a 4 cm diameter, then fire spread up the wood-in three lines: one in the 
center of the sample, and the other two growing up the sides. The flame 
extended 10 cm from the initial point of contact. 

Burn Period (T120): After two minuets of burning, the flame began to die 
down to only extending five cm from the initial point of contact. When three 
minutes and thirty-five seconds had passed, new larger nozzles were added to the 
tank 10 increase the amount of fire being applied to the wood. The flame from 
the larger propane nozzles extended to the top of the wood sample and above it, 
totaling 29 cm at the greatest height. Thejbme spread to all sides of the wood, 
but the small right side received the most amount of fire- 
Post Burn Period (T2*w); After the propane tanks were removed from the 
wood sample, the flames died down within five seconds, leaving two large holes 
with the outside edges smoldering. The area where the glowing embers were 
observed was in a ring of about 2 cm around the large hole. There were two large 
holes in the sample after the burning was finished. The large hole was 8 cm long 
and 5 1/2 cm wide* The smaller hole was 2 cm long and 4 cm wide. Char 
extended all of the of the wood that had been above the initial point of contact. 
The char is dark black to dark brown. The area where the char is has many 
cracks in it, extending throughout all of the char area. The small left side of the 
wood is 15% covered with char; on the right side of the wood, the side is 35% 
covered with char. The char has a layer of soot over it, and rubs off on skin, 
clothing, or any other casual contact that may occur. 

Propane Test for 1x4 pine wood sample subjected to a 1-day dip in 100% sodium 
silicate: 

Burn initiation (To); The flame from the nozzle of the propane tank 
contacted the wood at the bottom of the sample, The flame began .to redden an 
area of 3 enr, then the flame began to reflect off the wood, with the flame 
extending 6 cm from the initial point of contact, ' 

Burn Period (Tmo): During this period, the flame reflected off the wood 
sample. The flame itself did not propagate onto the wood sample. The total 
height of the flame was about 6 cm high and 3 cm wide. The tops of the flames 
flickered in the wind The sound that the wood made when it was being burned 
in a new area was that of a sizzling, and occasional popping one. A layer of thin 



char, or soox grew up the wood above the flame. The layer of ash continued to 
grow up to the top of the wood After 10 minutes had passed, the flame died 
down to a small cinder area around the initial point of contact, 

Post Bum Period (Tzw): After the flames from the propane tanks were 
removed, the flames on the wood died down in a matter of seconds. There were 
glowing embers around the area where the propane tank had been- The area was 
5 cm tall and 6 cm wide at the widest point. The wood is 50% covered in char. 
The color of the ash is from black to dark brown, except for a layer of white 
sodium silicate byproduct on top v of the char and ash in some areas. Along the 
sides of the wood there is bubbling from tlie sodium silicate. The bubbling is 
90% greater on the left side than on the right. There is not much charred area on 
the sides; only about 10% of the sides are burned There is no burning, charring 
or soot on the back side of the sample. 

Propane Flame Test for 1x4 pine wood untreated control sample, compared to 
1x4 dip, 100% sodium silicate: 

Burn initiation (To): When the flame is first applied to the test sample, 
flame begins to climb up the sides of the wood, reaching 20 cm off the original 
burn point- The flame began to slowly travel up the sides of the wood, scorching 
it and spreading soot and char around the burn site. 

Burn period (Two): The flame continues to rise 12 cm up the left side of 
the wood sample. The flame adjusts to the middle of the sample, burning up the 
sample about 13 cm. The flame chars 70% of the wood> as it buns in the center. 
The top of the flame flickers and wavers in the wind. 

Post burn period (Taw): The wood sample smolders and burns when the 
propane tanks are removed. The area of char on the wood extends from the 
bottom of the sample, to 6 cm below the top of the wood. The fire charred half 
of the right side of the wood, and over 75% of the left side. In the sample, there 
were large craters in the wood* where the flame had not eaten all the way 
through rhe wood. The craters were: 6 cm 1 4 cm, and 5 cm x 3 cm. The area 
where the burning took place had large cracks in it, the area where the cracks 
were extended all the way that the flame did The top pan of the sample that was 
untouched by flame is covered in a thin layer of soot and ash. The color of the 
char is a dark black to a dark brown. 



12 



1 I 



Figure 3. Comparison of weight per cent water glass and 
weight per cent bum loss in 1x4 dimension lumber 

This graph shows that the weight loss of the combustion tests were greater in the 
samples that had less % water glass impregnated in the test sample- As the % 
water glass that was in the in the sample increased, the percent weight loss from 
the combustion test decreased. 




Figure 4. Weight loss all samples, 
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1x4 pine treated with water glass 

This graph is a second order regression, and it shows the line 
connecting two data points as the regression line. The lines around the 
regression line shows that 95% of the time, the data will he within, 
those lines. The regression line does not connect with the control, 
because the control has much different results. 

1X4 PRESSURE TREATED PINE - PROPANE FLAME TESTS: 

Figures 5-6 present the results of propane flame tests of sodium silicate 
treated 1x4 pressure treated pine samples. 




Figure 5. Weight loss of samples in flame tests 
with 1x4 pressure treated lumber 

Figure 5 shows how great the 5 wt. loss was^ of the untreated control and the 
boric acid control, and the water glass treated samples. The data shows that in all 
cases, the water glass samples performed better than the boric acid control and 
better than the untreated control. 
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Propane Test for 1x4 pressure treated pine wood sample subjected to a 1-day dip 
in 100% sodium silicate: 

Burn initiation (Tq): The flame from die propane tank began to reflect off 
the wood sample. The color of the fire was bright orange* The flame reflection 
extended 13 cm up from the base of the wood The flame also began to burn up 
the right side slightly. 

Burn Period (T1-20); The flames continue to reflect off the sodium silicate, 
only reaching 15 cm high. The flames reach the small left side, where it is mostly 
unprotected, The fire spreads quickly up the side without much treatment, while 
the other sides continue to repel the attacksirora the fire. Later on in the test 
period, the flame rose, and consumed most of the center of the wood sample. 

Post burn period (T2003): Most of the center section of the wood and the 
right side has been burned away. There is a small chunk of wood that fell off in 
burning, but the rest of the missing wood is ash and debris. There was small 
evidence of the sodium silicate burning, there are 1-2 cm2 areas where the 
sodium silicate has bubbled up into foam, but the foam did no stop the spread of 
the flame. The part that is missing is 21 cm high and 6 cm wide. The color of the 
intact wood is black, but in some spots the original dark green color is visible. 

Propane Flame Test for untreated control, 1x4 pressure treated pine, compared 
to dip, 100 % sodium silicate, pressure treated pine, 1x4; 

Burn initiation (To): When the flame was applied to the wood, the wood 
burst into flame, with the fire reached above and beyond the top of the wood 
The spread of the fire took place remarkably fast. 

Burn period (Two): The flames on the wood continued to grow and 
propagate. The flames spread up all sides of the wood. Slowly, the wood began 
losing its shape, ashes fell and the wood began to deteriorate. 

Post burn period (Taw*): After the propane tanks were removed, the 
sample continued to smolder and burn unoUhere was nothing left that it could 
burn. The cinders kept, smoldering for a while, until they died out as well. The 
remains of the wood sample weighed only about 3% of the original weight. The 
remains of the sample could be collected in tke bottom of a cup. There were no 
pieces of wood that could still hold a shape; it had all turned to ash. The color of 
the ash was a light gray. 
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Propane Test for 1x4 pressure treated pine wood staple subjected to a 7-day 
soak in 100% sodium silicate; 

Bum initiation (To); When the Same first touched the wood sample, the 
flame reflected off the wood and turned bright orange. The wood sizzled and 
popped. The flame reflected 9 cm from the first point of contact. 

Burn period (Two): The flame stayed roughly around the same area where 
it had been when the test started The flames did grow some, though* The flames 
spread soot and ash around to other paro of the wood The wood kept its same 
shape throughout the burning- 
Post burn period (Tims): The -rood sample kept its basic same shape 
when it was taken away from the flame. Its burn area was a small portion on the 
bottom of the sample. Most of the sample is still good, firm wood There is 
evidence of sodium silicate burning on the edge of the charred parts* The chaired 
pans mended to a few cm short of the top of the wood Surprisingly, the wood 
kept its shape. 

Propane Hamc Test for untreated control, 1x4 pressure treated pine, compared 
to 7-day soak, 100% sodium silicate, pressure treated pine, 1*4: 

Bum inftwriou(To}: When flame is fim applied to the sample, the fire 
propagates quickly and scuts to spread up the sides of the sample. The fire soon 
quickens, and begins to spread to other pans of die sample. 

Burn period (Two): The flames on the wood rose, and began to consume 
the whole sample* The flames extended above the sample, in the air, and the 
sample began to lose shape quickly. The flames continued to eat away at the 
burn sample even when the propane tanks were turned off* 

Post bum period (Taw); After the wood sample was separated from the , 
wood the sample lost its shape and fell apart into a heap of ash. The ash is all 
that is left of the sample. The ash is all powder with no recognizable pans in it. 
The ash is dark gray, to light gay. 




Figure 6 shows the % wt, loss compared to each treated sample. This 
graph is a fim order regression which shows that as you lessen the % 
of water glass you treat the sample with, and shorten the amount of 
time the samples are introducea to the water glass, the % wt. loss 
increases. 



2X4 PINE - PROPANE AND CANDLE FLAME TESTS; 

Figure 7 presents the results of candle flame tests of sodium silicate treated 2x4 
pine samples. 
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I ^ 7 ' Com P*™° f ««*» of bum tcs^KSfme on 
L treated and untreated 2x4 samp les 

Bum initio* (To): The flame from the prepay tank fcgan m make aa 
a«a of the wood gW. The area that was giving JaTl inch Set^T 

armi .^.^ ( Tl -") s The flame from the propane taok spread about 3 cm 

rvrf 0 , lt3DV * thc ^ eroded causing mare sodium jilicateto 

bobfak up along the ou^de of the char area. No flame bunicdbXSh? 

«lj changed from the flame in thc Z»Z l^^tT? 71 
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occurred at any of the small sides of the sample* The back side of the simple is 
completely clear of my burning or charring. 

Propane Flame Test lor 2x4 spruce untreated control sample* compared to dip, 
100% sodium silicate: 

Born initiation (To): When the flame from the propane tank reached the 
wood, it created an am of charring -with a 3 cm diameter from the initial point 
of contact, A small flame began to dance on the top of the char area, but died 
dovra with the first gust of wind 

Bum Period (TV*?); The char area increased oyer time, and small flames 
-would begin to burn, bur the flame? could not resist the wind The propane 
flame did not create a fir that propagated on the wood, all it did was create an 
area of char, and allow the wood to glow with the heat 

Post bora period (Tzw); After the propane flame was removed from the 
wood sample the flames died down quickly. The wood still smoldered, and gave 
off lots of smoke* The wood was only bunted on the front side of the sample* 
There were two enters in the wood, and a large area of char surrounding them. 
The charred areas extended from the base of the wood sample to 19 cm above it 
The char was a dark black and had many cracks in it 

COMPOSITE SAMPLES - PROPANE FLAME TESTS: 

Figures 8-10 present the results of propase flame tests of sodium 
silicate treated composite wood samples. 
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Figure 8- Fire retardaat effect of water glass cm plywood 

Figure 8 shows the % wc. loss compared to the sample so plywood* 
The untreated control has a much greater % wt. loss than the boric 
acid or treated control In this test run, the treated samples had a 
lower % wt, loss than either the boric acid control, or the untreated 
control. 
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Figure 9, Kre retardant effect of water glass on particle board 



Figjire 9 shows the % wt. loss compared to the different sample types. 
This graph shows the large difference between the controls and tae 
test samples. The test sample had a much lower % weight loss than 
either the boric add control or the untreated control. 
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Figure 10. Fire rctardant effect of water glass on wafer board 

Figure 10 shows the % wt loss compared to the different typo of samples. Ia 
thv test the treated samples had a much low % wt loss dan either tfc boric 
acid or untreated control. The water glass treated samples have a much lower 
name rctardancy than either control. 



CLOTH SAMPLES - CANDLE FLAME TESTS; 

Figures 11-13 present tie results of propane {lane tests of sodium silicate treated 
ciotn samples. 



r 




Figure 1 1. Fire rctardant effect of water glass on cloth strips 

m tms test, the boric acid sample had the lowest % weight loss. All of 
the treated samples had a muci lower % wt. loss than lc coatroL 
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Figure 12* Fire retardant effect of water glass on slurried doth 

strips 

la this graph there is no boric acid sample. Tjis graph shows how 
dramatic the results are, the control had about a 90% wt loss, and the 
samples, at most had about an 11% wt, loss 

Candle Test-Fabric: 

Treated sample Ciuning ua the spot directly in the flame, smoke 
production. Flame docs not spread. The felt is getting cracks in the fame area. 
The area in direct contact ^th flame is getting bubbles. Smoke occurs only 
when in the flame, No fkme propagation occurred iu the test- 

Control sample: The burning started to propagate on the sample 
i m m ediat ely. The smoke given off vas white. The flames reached about 2 inches 
off of the sample. The burning did not occur as fast as would have been 
forecasted The sample did not catch Ere as much as the charring just spread 
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Figure 15, Cotaparaoa of weight per cent water glass 
and fire retardaxrt effect in cloth 

Figure 13 shows the 95% confidence limit lines* which shews that as the amount 
of water glass in the sample in creses, the % wt. loss decreases This shows due 
the sodium silicate has a major effeci c& the bum diwrari$ucs of the samples* 



PAPER SAMPLES * CANDLE FLAME TESTS: 

Figures 14-18 present the results of propane flame tests of sodium silicate treated 
1x4 pine samples. 

Caudle Test -Paper. 

Treated sample The flame darkens the paper, but doc not catch fire. The 
paper sizzles and tracks in response to the fire^The paper itself does not catch 
fire, but does release alot of smoke. The area of char does not go past the initial 
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cpctaapomt wi& the paper. At ifae poiats on tie j™ that are in dir« 
coattct wttb the fkxne It to redden, but doJTno" S^Th^Lr 
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Hgure 14, Krt rrtwdant effect of water glass on papa 



25 



u*tt w^i afgfj wyi wp« 



Figure 15- Fire retsrdant effect of water glass oa slurried paper 

Control sample: The Borne marred up the paper immediately, spreading quickly 
up the paper. The fire decreed to 1/2 of an inch above the paper, the total burn 
time for die paper to become consumed lasted 17 seconds. The final weight was 
coo small to measure* 
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Figure 16, Comparison of weight percent water glass 
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and fire retardant effect in paper 
Figure 16 shows % wtloss after burn, compared to the percent -witerdass 
after treataneat. The graph shows xHat as the amowc of »dhimsilic*te in the 
sample tncreajes, the % wt. loss £rotu buxa decreases. This can show that sodium 
Silicate has a positive effect oa the bum charaacristics of paper. 




Figure 17. Paper slurry with water glass: 
per cent weight loss over time 
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Figure 18. Paper slurry with water glass: 
percent weight loss over time 
Figure 18 is similar to that of Figure 17. Ic show* the burn cydc of tic flames in a 
2 hour period Tim graph is a third oreder regression, which show* the path of 
(he bum characteristics. 

1X4 PINE CUBES - TERMITE TESTS: 

To test another benefit of sodium silicate wood treatment, I soaked small pieces 
of Wo od Io so dium silicate and iotro duced them to termites to see if the same 
quality that makes the wood flame resistant wguld also make the wood tenuhe 
resistant. I found that the termites did not like to be around the water glass 
treated ^ood, and they did not even like to be around the damp paper towels in 
the test samples, which may have contained small amounts of water glass. The 
termites located themselves in an area as far awuy from die treated samples as 
possible, even though the treated wood was their only food source* No wood 
consumption occurred 

S UMMARY OF RESULTS - ALL SAMPLES 

Figures 19-21 and Tables 1-3 present comparisons of the results obtained with all 
samples tested. 
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Figure 19* Comparison of water glass results to controls 
Figure 19 shews the % improvement of the test sample over the control, la the 
graph, the blue lines represent the boric acid, and the greea lines represent the 
sodium sttiavz treated samples. The graph shows that sodium silicate i$ a more 
effective fire rcdrdsmt than boric add/borax. 
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Figure 20- Comparison of boric add results to untreated control 

Figure 20 shows the % improvement of die boric add samples over the control 
This graph shows that the boric acid b a somewhat effective fire retardent 
treaxnent* 
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Figure 21. Relationship between increasing flatrunabflity in 
control sample? and increasing effectiveness in water glass treated 

samples ^ - 

Figure 21 shows thai as the % wl loss in the control samples increased* the % 
ixnpro vemeat over die control the treated samples were. 



30 



Tabid. Comparison of Wdtet Glass and Untreated Control 
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Table Z Comparison of Water Glass and Boric Add 
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Table 3, Comparison of Boric Aad and Untreated Control 
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The percent weight loss for regular fcrts and 2*4s was lower than for pressure 
treated pine. This -was probably due to die fact that the results were obtained _ 
under different burn conditions. These tests were performed outdoors where « 
was windy and very cold, also only one torch was used with a very small flame. 
If I were to repeat die test using the conditions for the pressure treated pmc 
samples, 1 would expect the results to be similar to those for pressure rated pxae 
samples. 



The data show that -water glass treatment may be effective in preventing flame 
propagation throughout wood samples. Even though the wood will burn m areas 
' in abtacb^wid»iwtfl«i^itofl™^^ This^ul helpto 
keep small fires {torn spreading into large ones, 
la all samples tested, including standard building materials; U4i, 2s4s, and 
pressure treated 1x4s, treatment with water gkss ^as found to cause a reduction 
in propagation and in total amount of wood combustion. 
For all samples flame resistance tended to increase as the concentration of water 
glass increased. <* 
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The greatest difference between die treated samples and the control was found 
with samples due were highly flammable for example paper and cloth. 

In addition, since mo sr fires start with flammable materials inside a building such 
as with paper aad drapery, the finding* that flammability can be reduced by up 
to 90 % with the use of water glass, suggests chat this substance may have 
potential for fire prevention in paper and cloth products* 

In general, the more easily combustible the substance studied, the greater was the 
fire reurdant effect of sodium silicate* 

It was found that it was surprisingly difficult to gpt solid wood to bum, this was 
only accomplished when full force flames from the large nozzles of two blow 
torches were simultaneously directed onto 1x4 untreated pine samples. All of the 
samples burned more readily including pressure treated pine samples which 
burned thoroughly and easily. The most easily burned wood-based sample was 
wafer board which proyeAto be highly combustible. 

Of all wood-based samples wafer board flame resistance was the most ImproTcd 
after treatment with water glass. 

Sodium silicate, water glass, does appear to be an effective fire retardant 
chemical. This represents a new use for this chemical 
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